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On morphologic grounds, the molluseum
contagiosum (MC) Virus has been grouped
with the pox Viruses. Attempts to propagate
the virus in tissue culture (1) and to trans-
mit it to other than human hosts (2) have
failed.
The development of a cytopathic effect was
observed in a number of different cell cultures
inoculated with MC virus from human lesion
extracts (1, 3, 4). However, since 5-iodo-2'-
deoxyuridine did not prevent such cytopathic
effect (5, 6), it would appear that replication
of MC virus is not required for the develop-
ment of this activity. Moreover, cytopathic
changes have not been observed beyond 4—5
serial passages (3—5).
Dourmashkin and Febvre (7) found cyto-
plasmic virus inclusion bodies in HeLa cells in-
fected with MC virus and concluded that the
virus had multiplied in these cells. However,
their evidence appears inconclusive since they
saw only mature virus particles in their prepa-
rations; in the electron micrographs presented
these particles fill large, membrane-bound
vacuoles, a picture entirely consistent with
particles phagocytosed from the inoculum; and
no immature particles were identified.
More recently, Postlethwaitc (5) observed
that inoculation of MC virus into some cell
cultures caused interference with plaque forma-
tion by several unrelated viruses. Friedman-
Kien and Viléek (9) found that such inter-
ference was mediated by interferon induced by
MC virus. Evidence for the adsorption of MC
virus to mouse embryo (10) and chick embryo
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(9) cells has been obtained through interfer-
ence studies.
The present electron microscopic investiga-
tion was undertaken to study the fate of MC
virus after its adsorption to chick embryo
cells. It is the purpose of this report to present
evidence showing that MC virus goes through
some of the stages leading to intracellular re-
lease of the viral genome—namely, adsorption
of virus to the cell surface; uptake of par-
ticles into phagocytic vacuolcs; and lysis of
both the vacuolar membrane and the thin outer
viral lipoprotein coat or membrane, thus re-
leasing the viral cores composed of a thick,
inner coat surrounding the DNA-containing
neclcoid into the cytoplasmic matrix. However,
the stage designated as "uncoating" (11) is not
traversed; the viral cores appear to remain
intact. Since the coat of the viral core does
not rupture, viral DNA is not extruded into the
cytoplasm and intracytoplasmic "factories" for
viral replication are not established.
METHODS
Preporotion of MC exlroct. An extract of MC
from each of three patients with clinically char-
acteristic (and histologically confirmed) lesions
was separately prepared and stored as follows: 1)
after cleansing the involved skin with 70% ethanol,
the lesions were curetted and placed in a vial
containing 2 ml of Eagle's minimal essential me-
diom (MEM) supplemented with 200 units of
penicillin and 100 jig streptomycin per ml, and 2%
'y-globulin-free calf serum; 2) after grinding with a
mortar and pestle, the contents of the vial were
diluted with MEM to make an approximate 10%
(W/V) suspension which was then clarified by low
speed centrifugation; and 3) the supernatant was
stored in 1 ml portions in glass vials at —70° C
for up to 2 years. When tested by interference
in chick embryo cells (9), two MC extracts in-
lubited Sindbis virus plaque formation in dilutions
of 1:1,000; the third, in a dilution of 1:10,000.
Preporetiort cud iaoculotiom of cell cultures.
Primary chick embryo cells were prepared by
trypsinization of 11 day-old chick embryos. The
cells were grown in MEM with 5% calf serum.
Plastic Petri dishes (35 mm: Falcon Plastics, Los
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Angeles, California) were seeded with 3 >< 10° cells
in 2.5 ml of medium. After two days, when a
confluent monolayer had formed, the cultures were
inoculated with 0.1 or 0.5 ml of (undiluted or
diluted 1:2) stored MC extract. A few minutes
after inoculation, one set of cultures was prepared
for electron microscopy as described below. In the
remaining cultures, adsorption proceeded for 1 to
5 hours. These cultures were then washed free
of unadsorbed virus, fed with 2.5 ml MEM con-
taining 2% 7-globulin-free calf serum, and in-
cubated at 37° C in a humidified atmosphere of
5% CO2 in air for varying intervals up to 72 hours.
Effect of metabolic inhibitors on MC virus
infection. The effect of 5-iododeoxyuridine (IDTJ)
and actinomycin D on the MC virus was
studied by inoculating chick cell cultures with
an MC virus extract in the presence of either IDIJ
(14 MM), or actinoinycin D (at a final concentra-
tion of 0.5 pg/ml). These concentrations were
maintained in the culture medium throughout the
duration of the experiment. Control cultures, not
treated with any inhibitor, were at the same time
inoculated with MC virus under otherwise identi-
cal conditions. Six hours after inoculation the
cultures were processed for electron microscopy.
Radiooutogrcphy. An extract of MC virus,
diluted 1:10, was adsorbed to a monolayer of
chick embryo cells for 1 hour at 37° C, after which
the culture was washed with Earle's balanced
salt solution. Two ml of MEM containing 2%
7-globulin-free calf serum and tritiated thymidine
(Nuclear Chicago), 10 me/ml, was added to the
culture which was then incubated at 37° C for
5 hours. Following removal of the °H-thymidine,
MEM containing a 1000 fold excess of non-radio-
active thymidine was added to the culture. The
latter was incubated for 2 hours at 37° C, washed,
and fixed for electron microscopy.
Preperetion for electron microscopy. The cul-
tures were washed twice in cold phosphate
buffered saline (PBS) and then fixed in cold 3
per cent glutaraldehyde in phosphate buffer for 1
to 12 hours. They were post-fixed in 1 per cent
osmium tetroxide in phosphate buffer for 1 hour,
passed through graded alcohols, and embedded in
Epon. Propylene oxide was not used because of its
tendency to buckle the plastic dish. A shearing
force was used to remove the plastic dish from
the Epon. Pieces of the embedded specimens were
mounted on Epon blocks so that the specimens
could be sectioned parallel to the surface of the
culture.
Thin sections were cut with diamond knives on
a Porter-Blum MT2 microtome, mounted on
Formvar-coated grids, stained with uranyl acetate
and lead citrate, and examined in a Siemens Elmi-
skop I. Micrographs were taken at original magnifi-
cations varying from 6,000 to 40,000.
RESULTS
In cultures fixed within a few minutes after
inoculation with the MC extracts, no viral
particles were found. In all the other speci-
mens, mature, oval to rectangular viral par-
ticles, approximately 300 ms x 240 m, were
seen in the following locations: a) in the extra-
cellular space (Fig. 1); b) adsorbed to the cell
surface (Fig. 2); and c) within phagocytie
vacuoles (Fig. 3). Large aggregates of indi-
vidual particles were common (Fig. 1); isolated
particles were infrequent. The mature particle
contained a central, black ( electron dense)
nucleoid, approximately 230 my. in length,
which was dumbbell-shaped in profile and rec-
tangular in front view. In the latter view,
the nucleoid was composed of interwoven fila-
ments, approximately 60 A in width. A grey,
amorphous coat composed of an inner, thick
zone and an outer thin region or membrane
encompassed the central black area. Rarely, an
electron translucent space separated the nude-
oid from its coat. Occasionally, the coat sur-
rounded an "empty" space or a few dark
filaments (Fig. 1).
Within three hours after inoculation of the
cultures with MC extract, viral cores (Fig. 4)
were found in the cytoplasmic matrix. These
cores had lost the thin, outer membrane sur-
rounding the mature virus particle and had
passed from the phagoeytic vacuole into the
cytoplasm since they were no longer encom-
passed by a vaeuolar membrane. The cores
were round, oval or rectangular, depending on
the plane of the section, and consisted of the
inner zone of the viral coat which surrounded a
cavity containing congeries of fibrils represent-
ing the fibrous DNA (Figs. 5, 6). The coat
surrounding the core was approximately 160 A
in width with less electron dense fibrils radiat-
ing outward from its circumference for a dis-
tance of approximately 100 my.. The fibrils of
the nucleoid varied in electron opacity and were
approximately 50 A in width. Some of these
fibrils were in contact with the surrounding
membrane at one or more points (Fig. 5).
In a culture inoculated eight hours before
fixation, it appeared that lysis of the thin,
outer membrane from the viral particle oc-
curred in phagoeytie vacuoles and that the
viral cores subsequently passed from the
vacuole into the cytoplasm (Fig. 7). In this
specimen, a few viral cores and many intact
viral particles, were present in a large mem-
brane-bound phagocytic vacuole. Another core
appeared to be situated partly within the rim
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Fio. 1. Section of a culture inoculated with molluscum contagiosum (MC) extract show-
ing peripheral cytoplasm (C) of a chick embryo cell and mature virus particles in the
extracellular space. In profile, these particles have a dumbbell-shaped, electron dense
nucicoid surrounded by a less dense coat. In front view, the particle (arrow) is rectangular
in shape. The nucleoid is missing or composed of a few filaments in two particles (X), while
the coat is intact or partially preserved. >< 39, 600.
Fie. 2. Section of a chick embryo cell culture inoculated with molluseum contagiosum
extract shows intact, mature viral particles in the extraeellular space. Two of these par-
ticles (arrows) are adsorbed to the outer eytoplasmic membrane of a chick embryo cell.
>< 32,400.
Fm. 3. The cytoplasm of a cultured chick embryo cell infected with molluscum eon-
tagiosum virus exhibits three phagocytic vacuoles (V) containing intact viral particles.
An intracytoplasmic viral core (arrow) is shown. X 25,000.
Fm. 4. Section of a culture inoculated with molluseum contagiosum (MC) extract 3
hours prior to fixation showing part of an infected cbick embryo cell containing a nucleus(N), an intracytoplasmic vacuole (V), and viral cores (arrows) lying in anorganelle-free,
translucent cytoplasmie matrix. The particles in the framed area are described in Figure
5. )< 34,800.
of cytoplasm surrounding the vacuole and
partly within the vacuole.
The number of cells containing viral cores
were relatively few and no more than about
10 cores were found in a cell. In cultures
fixed within 3 to 4 hours after inoculation,
the viral cores often lay in an organelle-free,
translucent cytoplasmic matrix (Fig. 4).
Twenty or more hours after inoculation with
an MC extract, the fibrils in the nucleoid of
some of the cores appeared to have aggregated.
These aggregated fibrils, approximately 200 A
in width, assumed an ovoid configuration and
surrounded a cavity containing thin and thick
fibrils (Fig. 5).
IDTJ-treated, actinomycin D-treated and
control cultures contained approximately equal
quantities of mature virus particles from the
ineculum. These particles were seen in the
ext racellular space and within mt racytoplasmic,
membrane-bound vacuoles. In cultures inocu-
lated in the presence of IDU, viral cores, simi-
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FIG. 5. Two viral cores enclosed in rectangular frame in Figure 4 exhibit a coat (m)
with less dense filaments radiating from its, circumference. The coat encompasses the
nucleoid composed of filaments of varied width and density. The filaments and coat
are in contact with one another at one or more points. Part of a vacuole (V) is seen in the
lower part of the micrograph. X 82,000.
FIG. 6. Section of a chick embryo cell culture inoculated with molluscum contagiosum
(MC) extract 4 hours prior to fixation showing intracytoplasmic virus core. The coat en-
closes a cavity containing fibrils which are for the most part linearly arranged. X 177,500.
FIG. 7. Section of a chick embryo cell culture inoculated with molluscum contagiosum
(MC) extract S hours prior to fixation exhibits membrane-bound (arrows) vacuole CV) en-
compassing viral cores (X) and intact viral particles. A core lies partly within the thin rim
of cytoplasm surrounding the vacuole and partly within the vacuole. X 29,000.FIG. 8. Section of a chick embryo cell culture inoculated with molluscum contagiosum
(MC) extract 20 hours prior to fixation showing two oval to rectangular intracytoplasmic
viral cores (arrows). The coat surrounds the nuclcoid. The latter shows aggregation of
fibrils. These cores arc situated near the outer cytoplasmic membrane (C). X 64,000.
lar in appearance to those in the control cul-
tures, were seen. Although no attempt was made
to quantitate the eytoplasmic cores in the
JD[J-treated cultures, they appeared to be as
numerous in these cultures as in the control
cultures. Conversely, in actinomyein D-treated
cultures, viral cores were reduced in number
when compared with those found in control
cultures.
In the radioautographs examined, some
labeled thymidine was found in both the cyto-
plasm and nucleus of non-infected and in-
fected cells, but this material was never lo-
ealized in the immediate vicinity of viral
cores.
DI5GU55ION
The MC extract used in this study con-
tained mature viral particles which were simi-
lar in appearance to those described by Mid-
dlekamp and Munger (12) in the MC lesions
of human skin.
Our findings in this study serve to confirm
the general assumption that MC virus does
not replicate in tissue culture (1). The results
of our experiments with metabolic inhibitors,
-
. -
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i.e. actinomyein D and iododeoxyuridine, and
tritiated thymidine are entirely consistent with
this assumption. We can not explain the find-
ing of lesser numbers of cores in the cultures
inoculated with MC virus in the presence of
actinomycin D; a sampling error can not be
excluded.
The results of this study indicate that MC
virus inoculated into chick embryo cell cultures
passes through some, but not all of the phases
leading to intracellular replication (11). Thus,
the intact viral particles are quickly adsorbed
to the cell surface and taken into phagocytic
vacuoles. Shortly thereafter, the membrane
surrounding the phagocytic vacuole and the
lipoprotein outer membrane of the virus are
lysed. The lysis of these membranes results
in the release of viral cores containing fibrous
DNA into the cytoplasmic matrix. However,
the third and last phase of release, "uncoating",
is not traversed. It is during this phase that
the core ruptures and DNA is extruded into the
cytoplasm where "factories" for viral replica-
tion become established.
The synthesis of "uncoating" protein is re-
quired for the uncoating process (11). Dales
(13) showed that when vaccinia, a pox virus,
is inoculated into L cells in the presence of
streptovitacin A, an inhibitor of protein syn-
thesis, replication of vaccinia is blocked at the
core stage. To initiate the replieative cycle of
vaceinia, protein synthesis must take place
at the time of inoculation. Once the block to
DNA release is established, it becomes irrevers-
ible.
On the basis of the foregoing, it is conceivable
that MC virus does not replicate in tissue cul-
ture because the virus fails to induce the
synthesis of "uncoating" protein in host cells.
Therefore, replication of the MC virus is
blocked at the core stage; this block persisted
for the duration of our experiments, i.e. 72
hours. It seems less likely that infected cells
fail to produce viral progeny because MC virus
stimulates the production of some factors
which block replication at a later stage of
multiplication.
Reactivation experiments also indicate that
the MC virus may not be able to synthesize
"uneoating" protein. La Placa, et al. (14)
recently reported that heat-inactivated vac-
cinia virus in cell culture is not reactivated
by superinfection with live MC virus, whereas
superinfection with another live pox virus re-
sults in reactivation.
In assessing the non-replication of MC virus
in a variety of tissue culture systems, it is
difficult to determine whether the defect re-
sides in the virus or in the host cell. Further
experiments designed to elucidate this problem
are in progress.
SUMMARY
Tissue cultures of chick embryo cells were
inoculated with extracts from skin lesions of
patients with molluscum eontagiosum (MC).
The viral particles in the inoculum were
quickly adsorbed to and phagocytosed by these
cells. Within three hours after inoculation, the
membrane surrounding the phagocytic vac-
uole, and the thin outer membrane about the
mature viral particle were lysed, and viral
cores had escaped into the intracytoplasmic
matrix. Replication of MC virus was blocked
at this stage the cores failed to rupture and
the viral genome was not released into the
cytoplasm.
Our findings serve to confirm the general
assumption that MC virus does not replicate in
tissue culture. This may indicate that MC
virus can not induce the synthesis of the "un-
coating" protein.
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